Quantum mechanical properties of unsymmetrical and unfunctionalized trans-stilbene derivatives 1-3, which had been prepared by solid-phase parallel syntheses, were characterized using mPW1PW91/6-311G(d,p) (hybrid HF-DF) calculations. The total electronic energies, normal vibrational modes, Gibbs free energies, and HOMOs and LUMOs of sixteen different structures from three different groups were analyzed. The energy differences between the HOMOs and LUMOs of the various unsymmetrical trans-stilbenes are in accord with the maximum absorption peaks of the experimental UV spectra of 1-3. The calculated normal vibrational modes of 2l were comparable with its experimental IR spectrum. The π-conjugation in the para-connected biphenyl group of 2 is better than the one in the metaconnected biphenyl group on the shorter side of 3.
Introduction
Stilbene derivatives' biological 1 and optical 2 properties give them many potential applications. They have been extensively studied as prototypes for photochemical cis-trans isomerization of 1,2-disubstituted olefins 2b,c and as short subunits of poly (pphenylenevinylene), the first light-emitting polymer for organic light-emitting diodes (OLEDs) . 3 The development of better luminophores could be aided by a better comprehension of the light emission mechanism and, as such, a systematic study of the relationship between the compound's structure and its emitted light. 4 Commercial OLEDs require stable organic luminescent materials of high quantum efficiency. The unsymmetrical trans-stilbenes (1-3) in Schemes 1-3 are promising groups of organic blue luminescent materials. Recently, their liquid 5a -and solid 5b -phase syntheses and their absorption and emission specifications have been published. This paper reports total electronic energies, normal vibrational modes, Gibbs free energies, dipole moments, HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) energies of the trans-stilbene compounds (1-3) calculated by the mPW1PW91/ 6-311G(d,p) . Also compared are the calculated gaps between their HOMOs and LUMOs and the λmax values from their experimental UV spectra.
Computational Methods
The initial conformations of 1-3 were constructed by using the molecular mechanics (MM), molecular dynamics (MD), and semi-empirical calculations of HyperChem. 6 Optimized structures were found by conformational searches by a previously described simulated annealing method. 7 The structures of 1-3 obtained from the MM/MD and AM1/PM3 calculations were fully re-optimized using an mPW1PW91 method to determine both the relative energies and structures of sixteen distinct structures. Modified Perdew-Wang 1-parameter (mPW1) b See Schemes 1-3 for the list of the compounds. c λabs represents the maximum absorption wavelength. λabs values of 1a-1i compounds were already published, 5b and the values of 2 and 3 are obtained from the same experimental condition (in chloroform) as 1 in our laboratory.
† d The calculated wavelength scaled by division by 0.910, to adjust it for favorable comparison with experimental observations. 10 This value (0.910) is an optimized parameter so that best agreement between experiment and theory is obtained. calculation methods, 8, 9 such as mPW1PW91, are new hybrid Hartree-Fock-density functional (HF-DF) models which obtain remarkable results both for covalent and non-covalent interactions. 8 The mPW1PW91 /6-311G(d,p) method was used to calculate the normal mode frequencies of the final structures. Each vibrational spectrum shows no negative frequencies, confirming that the optimized structures exist in energy minima. For direct comparison with experimental data, the calculated frequencies were scaled by the recommended scale factor. 10 Furthermore, broadened IR spectra are presented assuming a Lorentzian line width of 10 cm -1
. Additional mPW1PW91/6-311+ G(d,p) optimizations were performed using Gaussian 03 to obtain their total electronic, HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) energies.
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Result and Discussion
The various unsymmetrical trans-stilbene derivatives have been assigned to one of three categories. All three categories have terphenyl moiety on the longer side in common, but different phenyl groups on the shorter side. The first (1a-1i) has a single phenyl ring, the second (2j-2l) has a para-biphenyl group, and the third (3m-3n) has a meta-biphenyl group on the shorter side.
Molecular structures of the unsymmetrical trans-stilbene derivatives (1-3) were optimized by mPW1PW91/ 6-311G(d,p) and mPW1PW91 /6-311+G(d,p) . The total electronic energies, Gibbs free energies, dipole moments, normal vibrational frequencies and the HOMOs (highest occupied molecular orbital) and LUMOs (lowest unoccupied molecular orbital) of sixteen different structures from the three groups were analyzed. Table 1 reports the mPW1PW91/6-311G(d,p) optimized total Chart 1. Comparison of calculated ∆(LUMO-HOMO) and the experimental maximum absorption wavelength (λmax) of the UV spectra of 1-3 from the data of Table 2. electronic and Gibbs free energies and dipole moments of the sixteen compounds. Their normal vibrational modes were analyzed, and their first vibrational frequencies (ν1) are also listed in Table 1 . None of these frequencies are negative, confirming that the optimized structures exist in energy minima. Table 2 reports total electronic, HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) energies of the sixteen structures calculated by mPW-1PW91/6-311+G(d,p) (hybrid HF-DF). The wavelength differences between HOMOs and LUMOs were divided by 0.910 to adjust the calculated values so that they compare favorably with experimental observations. 10 Experimental UV absorptions, λmax, of solid-state stilbenes are also shown in Table 2 .
Chart 1 shows how the calculated LUMO-HOMO differences favorably compare to experimental UV absorptions, λmax. The elevated values for the compounds (2j-2l) in Chart 1 are caused by the additional π-conjugation of the π-electrons in the paraconnected biphenyl group (phenyl rings #4 and #5 of Scheme 2) on the shorter side of the unsymmetrical trans-stilbene derivatives. However no extra π-conjugation is possible in the metaconnected biphenyl groups of 3m-3n and in the single phenyl groups of the 1a-1i compounds. These characteristic differences are well reproduced in the mPW1PW91 /6-311+G(d,p) calculated values. Table 3 compares 2l's normal vibrational modes calculated by mPW1PW91 /6-311G(d,p) with the intensities of prominent peaks in its experimental IR spectrum. Also listed are the assignments of the experimental peaks compared with the calculated values in Table 3 . spectra of 2l, respectively. Most of the frequencies and intensities of the calculated normal modes are in accord with the experimental IR peaks. However, some of intensities are not; especially #95 (C-C-C bending) and #152(C-C stretching) normal vibrational modes.
Conclusions
The total electronic energies, normal vibrational modes, Gibbs free energies, dipole moments, and HOMOs (highest occupi-ed molecular orbital) and LUMOs (lowest unoccupied molecular orbital) of sixteen different structures from three different groups of trans-stilbene derivatives were calculated using mPW1PW91 /6-311G(d,p) . Their calculated gaps between the HOMOs and LUMOs are in excellent agreements with their maximum absorption peaks in experimental UV spectra. Most of the frequencies and intensities of the calculated normal modes of 2l favorably agree with its experimental IR peaks.
